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(57) ABSTRACT

Provided are a method and apparatus for measuring body fat
using current electrodes and voltage electrodes. The method
includes continually detecting a voltage drop across the volt-
age electrodes by smoothly raising a contact pressure applied
to the electrodes; determiming a threshold contact pressure
with reference to the detected voltage drop depending on
variation of the contact pressure, the voltage drop across the
voltage electrodes not increasing under the threshold contact
pressure even when the contact pressure increases; compar-
ing a detected contact pressure with the threshold contact
pressure; detecting a measurement voltage across the voltage
clectrodes only when the detected contact pressure 1s larger
than the threshold contact pressure; and compensating the
measurement voltage for a threshold contact voltage corre-
sponding to the threshold contact pressure and calculating a
body fat value corresponding to the compensated measure-
ment voltage.

4 Claims, 9 Drawing Sheets
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METHOD AND APPARATUS FOR
MEASURING BODY FAT BY USING
BIOELECTRICAL IMPEDANCE

CROSS REFERENCE OF RELATED
APPLICATION

This application 1s a divisional application of U.S. appli-
cation Ser. No. 11/242.,899 filed Oct. 5, 2005, now U.S. Pat.

No. 7,317,320 which claims priority from Korean Patent
Application No. 10-2004-0090126 filed Nov. 6, 2004, 1n the
Korean Intellectual Property Office, the entire disclosure of
which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to an apparatus for measuring,
body fat by using biomedical impedance, and more particu-
larly, to a method of and an apparatus for measuring body 1fat,
by which measurement errors can be reduced and repeatabil-
ity can be improved by compensating for variation of a con-
tact voltage caused by variation of an electrode contact area.

DESCRIPTION OF RELATED ART

A body fat value serves as a main index to determine
fatness, which 1s known to cause many adult diseases. As
interest 1n fatness 1s increasing and the necessity ol measuring
body fat 1s increasing, a body fat measurement apparatus 1s
becoming pervasive.

Today, a method of measuring bioelectrical impedance 1s
most frequently used to measure body fat. This method 1s
based on the fact that bioelectrical impedance varies depend-
ing on the amount of body {fat.

Typically, since fat occupies 17% of a human body and
contains little water, the bioelectrical impedance of a human
body varies depending on the amount of body fat. Therefore,
it 1s possible to measure the amount of body fat by detecting
the bioelectrical impedance of a human body.

A typical body fat measurement apparatus 1s a four-elec-
trode type having two current electrodes and two voltage
clectrodes. The four electrodes usually make contact with
parts of a human body, for example, the hands. In the typical
body fat measurement apparatus, the two current electrodes
are used to apply a constant current through a human body,
and the two voltage electrodes are used to measure a voltage
drop caused by the constant current. The voltage drop across
the voltage electrodes 1s proportional to the bioelectrical
impedance of a human body.

FIG. 1 schematically 1llustrates an example of a portable
body fat measurement apparatus. The portable body fat mea-
surement apparatus has a display unit mounted on a front
surface of a chassis, an operation unit, and measurement
clectrodes mounted on both sides of the chassis. As shown 1n
FIG. 1, the four electrodes are mounted on the left and right
sides, two by two, respectively. For example, the voltage
clectrodes are mounted on the front left side and the front
right side, and the current electrodes are mounted on the rear
right side and the rear left side.

FIG. 2 schematically illustrates a principle of measuring
body fat by using a four-electrode type body fat measurement
apparatus. Two current electrodes 102a, 1025 are connected
to a constant current source 104, and two voltage electrodes
106a, 1065 are connected to a voltage meter 108. When
fingers of the left and right hands make contact with the
current electrodes 102a, 1025, respectively, the constant cur-
rent applied from the constant current source 104 flows
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through the right hand, the upper-half of a human body, and
the left hand. As a result, a voltage drop V occurs due to the
bioelectrical impedance of a human body. The voltage drop V
1s proportional to a body fat ratio. Then, the voltage drop V
caused by the impedance of a human body 1s measured by
using the voltage meter 108 through the voltage electrodes
106a, 1065 making contact with the fingers of the left and
right hands of a user.

Subsequently, a user mputs personal information such as
the height, weight, age, and sex of a user, into the body fat
measurement apparatus, and the voltage measured by the
voltage meter 108 1s input to a predetermined calculation
function to calculate the amount of body fat. Finally, the
measurement result 1s displayed on the display unat.

Therefore, 1t 1s considered that the measurement accuracy
depends on the user’s posture, contact areas with the mea-
surement electrodes, and the like. Particularly, for a portable
body fat measurement apparatus, 1t 1s recommended that the
fingers be spread out as much as possible and the user’s
posture be stabilized as shown 1n FIG. 1.

In the meantime, the contact area means the area over
which a user makes contact with the measurement electrodes,
1.€., the voltage electrodes 106a, 1065. Experimental obser-
vation has shown that variation of the contact area signifi-
cantly affects the measurement result. Such varniation of the
contact area alters the contact voltage between a human body
and the voltage electrodes, and thus the variation of the con-
tact voltage alters the voltage measured from the voltage
electrodes 106a, 1065. It 1s considered that the contact area of
the measurement electrode 1s proportional to the finger con-
tact pressure applied when the measurement electrode 1s
pressed.

FIG. 3 schematically illustrates variation of a body {fat
value depending on the contact area. The left of FIG. 3 shows
a situation where the contact area is suiliciently large, and the
right of FIG. 3 shows a situation where the contact 1s smaller
than that. Referring to the left of FIG. 3, 1f the contact area,
1.e., the contact pressure, of a user increases, the contact
voltage correspondingly increases, so that the measurement
body fat value 1s measured to be larger. On the other hand, 1
the contact area, 1.e., the contact pressure, of a user decreases,
the contact voltage correspondingly decreases, so that the
measurement body fat value 1s measured to be smaller.

Also, 1t has been observed that such a measurement devia-
tion caused by the varnation of the contact area reaches about
+2% of the true body fat value. This means that a person
having a weight of 64 Kg would have a deviation of £1.2 Kg.

Since the contact area may change for every measurement,
it 1s necessary to compensate for such variation of the contact
area. Otherwise, measurement consistency of the body fat
measurement apparatus cannot be ensured. In other words, 11
the variation of the contact area occurs, repeatability cannot
be guaranteed even when conditions other than the contact
area are sulliciently satisfied.

SUMMARY OF THE INVENTION

An aspect of the present invention 1s to provide a method of
measuring body fat, by which few errors occur, and reliable
repeatability can be attained by compensating for the mea-
surement deviation caused by the variation of the contact
area.

Also, an aspect of the present invention provides an appa-
ratus for measuring body fat using the aforementioned
method.

According to an aspect of the present invention, there 1s
provided a method of measuring body fat by using current
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clectrodes for applying a constant current in a human body
and voltage electrodes for detecting a voltage drop caused by
bioelectrical impedance of the human body, the method com-
prising: detecting a voltage across the voltage electrodes
under a first conditional pressure and a second conditional
pressure to obtain a first conditional voltage and a second
conditional voltage; determining the conditional pressures, a
difference between the conditional pressures, the conditional
voltages, and a difference between the conditional voltages
and storing the conditional pressures, the difference between
the conditional pressures, the conditional voltages, and the
difference between the conditional voltages 1n a memory;
detecting a measurement voltage under an arbitrary pressure;
performing interpolation by using the conditional pressures,
the difference between the conditional pressures, the condi-
tional voltages, the difference between the conditional volt-
ages, and the arbitrary pressure to obtain a contact voltage;
and compensating the measurement voltage for the contact
voltage to calculate a body fat value corresponding to the
compensated measurement voltage.

According to another aspect of the present invention, there
1s provided a method of measuring body fat by using current
clectrodes for applying a constant current in a human body
and voltage electrodes for detecting a voltage drop caused by
bioelectrical impedance of the human body, the method
including: continually detecting a voltage drop across the
voltage electrodes by smoothly raising a contact pressure
applied to the electrodes; determining a threshold contact
pressure with reference to the detected voltage drop depend-
ing on variation of the contact pressure, the voltage drop
across the voltage electrodes not increasing under the thresh-
old contact pressure even when the contact pressure
increases; comparing a detected contact pressure with the
threshold contact pressure; detecting a measurement voltage
across the voltage electrodes only when the detected contact
pressure 1s larger than the threshold contact pressure; and
compensating the measurement voltage for a threshold con-
tact voltage corresponding to the threshold contact pressure
and calculating a body fat value corresponding to the com-
pensated measurement voltage.

According to still another aspect of the present invention,
there 1s provided a method of measuring body fat by using
current electrodes for applying a constant current 1n a human
body and voltage electrodes for detecting a voltage drop
caused by bioelectrical impedance of the human body, the
method including: continually detecting a voltage drop across
the voltage electrodes by smoothly raising a contact pressure
applied to the electrodes; determining a threshold contact
pressure with reference to variation of the detected voltage
drop depending on the contact pressure, the voltage drop
across the voltage electrodes not increasing under the thresh-
old contact pressure even when a user increases the contact
pressure; selecting two conditional contact pressures in a
linear range in which variation of the contact voltage with
respect to the contact pressure shows linearity; determining,
the threshold contact pressure, the conditional contact pres-
sures, a difference between the conditional contact pressures,
conditional voltages detected under the conditional contact
pressures, and a difference between the conditional voltages
and storing the difference between the conditional contact
pressures, the conditional voltages, and the difference
between the conditional voltages 1n a memory; detecting a
measurement voltage under an arbitrary contact pressure;
comparing the arbitrary contact pressure with the threshold
contact pressure; performing interpolation by using the
threshold contact pressure, the conditional contact pressures,
the difference between the conditional contact pressures, the
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conditional voltages detected under the conditional contact
pressures, the difference between the conditional voltages,
and the arbitrary contact pressure to obtain a contact voltage
if the arbitrary contact pressure 1s smaller than the threshold
contact pressure; compensating the measurement voltage for
a threshold contact voltage corresponding to the threshold
contact pressure if the arbitrary contact pressure 1s larger than
the threshold contact pressure; and calculating a body fat
value corresponding to the compensated measurement volt-
age.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereolf with reference to the
attached drawings in which:

FIG. 1 schematically illustrates an example of a portable
body fat measurement apparatus;

FIG. 2 schematically illustrates a principle ol measuring
body fat by using a four-clectrode type body fat measurement
apparatus;

FIG. 3 schematically illustrates variation of a body {fat
value depending on the contact area;

FIGS. 4A and 4B schematically 1llustrate a principle of
measuring body fat according to a first exemplary embodi-
ment of the present invention;

FIG. § 1s a flowchart illustrating a method of measuring
body fat according to the first embodiment of the present
imnvention;

FIG. 6 schematically illustrates a principle ol measuring
body fat according to a second exemplary embodiment of the
present invention;

FIG. 7 1s a flowchart 1llustrating a method of measuring,
body fat according to the second embodiment of the present
invention;

FIG. 8 schematically illustrates a principle of measuring
body fat according to a third exemplary embodiment of the
present invention;

FIG. 9 1s a flowchart illustrating a method of measuring
body fat according to the third embodiment of the present
invention;

FIG. 10 1llustrates a contact pressure detector used to mea-
sure a contact pressure according to an aspect of the present
imnvention;

FIGS. 11 A through 11C illustrate exemplary constructions
of the first and second sensors shown 1n FIG. 10; and

FIG. 12 1s a block diagram 1llustrating a body fat measure-
ment apparatus according to an aspect of the present inven-
tion.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

Heremaftter, exemplary embodiments consistent with the
present invention will be described in detail with reference to
the accompanying drawings.

FIGS. 4A and 4B schematically illustrate a principle of
measuring body fat according to the first embodiment of the
present mvention. In FIG. 4A, assuming that V1 denotes a
voltage drop across the voltage electrodes 1n a first condi-
tional pressure P1, and V2 denotes a voltage drop across the
voltage electrodes measured 1n a second conditional pressure
P2, a measurement voltage V' in an arbitrary pressure P' can
be obtained by interpolation using a voltage difference AV
between the conditional voltages V1 and V2 and a pressure
difference AP between the conditional pressures P1 and P2.
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More specifically, the pressure difference AP between the
conditional pressures P1 and P2 can be regarded as part of a
variation range of the contact pressure, and the voltage dif-
ference AV between the conditional voltages V1 and V2 can
be regarded as part of a variation range of the contact voltage
caused by the contact pressure. As mentioned above, the
contact voltage 1s proportional to the contact pressure. There-
fore, a measurement voltage V' in an arbitrary contact pres-
sure P' can be obtained by interpolation using the pressure
difference AP between the conditional pressures P1 and P2
and the voltage difference AV between the conditional volt-
ages V1 and V2. By the interpolation, the measurement volt-
age V' can be obtained when the arbitrary contact pressure P
exceeds the conditional pressure P1 or P2 as well as when the
arbitrary contact pressure P' falls between the conditional
pressures P1 and P2.

Assuming that V' denotes a measurement voltage mea-
sured when an arbitrary contact pressure P' 1s applied, V' can
be considered as a sum of the voltage caused by the human
body impedance and the contact voltage Vcont. Therefore, 1t
1s possible to extract the human body impedance by compen-
sating the measurement voltage V' for the contact voltage
Vcont. Here, the contact voltage Vcont can be obtained by
applying interpolation with the conditional pressures P1 and
P2, the difference AP between the conditional contact pres-
sures P1 and P2, the conditional voltages V1 and V2, the
difference AV between the conditional voltages V1 and V2,
and the arbitrary pressure P'.

FIG. 5 1s a flowchart 1llustrating a method of measuring,
body fat according to the first embodiment of the present
invention.

The first conditional voltage V1 and the second conditional
voltage V2 are detected 1n the first conditional contact pres-

sur¢ P1 and the second conditional contact pressure P2,
respectively (5502).

Then, the difference AP between the conditional contact
pressures P1 and P2 and the difference AV between the
detected conditional voltages V1 and V2 are obtained (5504).

The conditional contact pressures P1 and P2, the difference
AP between the conditional contact pressures P1 and P2, the
conditional voltages V1 and V2, and the difference AV
between the conditional voltages V1 and V2 are stored 1n a
memory (S506).

A voltage V' 1s detected 1n an arbitrary contact pressure
P'(S508).

The contact voltage Vcont 1s obtained by using the condi-
tional contact pressures P1 and P2, the difference AP between
the conditional contact pressures P1 and P2, the conditional
voltages V1 and V2, and the difference AV between the con-
ditional voltages V1 and V2 stored 1n operation S506, and the
arbitrary pressure P' (5510).

Then, the detected voltage V' 1s compensated for the
obtained contact voltage Vcont (S512).

The body fat value corresponding to the compensated mea-
surement voltage (V=V'-Vcont) 1s calculated (S514).

The body fat value 1s calculated by entering personal infor-
mation such as height, weight, age, and sex of a user and the
compensated measurement voltage V 1nto a particular calcu-
lation function.

The procedures S502 through S506 for obtaining the con-
ditional pressures P1 and P2, the difference AP between the
conditional pressures P1 and P2, the conditional voltages V1
and V2, and the difference AV between the conditional volt-
ages V1 and V2 are performed to calibrate the body fat mea-
surement apparatus for a user.

FIG. 6 schematically illustrates a principle of measuring
body fat according to the second embodiment of the present
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invention, which shows varniation of the contact voltage
depending on the contact pressure. Referring to FIG. 6, the
contact voltage mitially increases as the contact pressures
increase. However, at a particular threshold contact pressure
Pth, the contact voltage does not increase any more (1.€., the
contact voltage 1s saturated). This 1s because the contact area
does notincrease due to characteristics of a human body when
the contact pressure exceeds the threshold value Pth. For this
reason, since the contact voltage 1s saturated after the contact
pressure exceeds the threshold value Pth, it 1s possible to
obtain a voltage drop caused by only the human body imped-
ance by compensating the obtained measurement voltage for
the threshold contact voltage Vth corresponding to the thresh-
old contact pressure Pth when a user retains his contact pres-
sure above the threshold contact pressure. Here, the threshold
contact voltage Vth corresponding to the threshold contact
pressure Pth can be experimentally and statistically deter-
mined.

FIG. 7 1s a flowchart illustrating a method of measuring
body fat according to the second embodiment of the present
invention.

First, in a calibration mode, the voltage drop V' across the
voltage electrodes 1s continuously measured by smoothly
raising the contact pressure (S702).

Then, a graph such as that shown 1n FIG. 6 1s obtained by
referring to variation of the contact voltage V depending on
the contact pressure P, and the threshold contact pressure Pth
1s determined (S704).

The obtained threshold contact pressure Pth 1s stored 1n a
memory (S706).

The obtained threshold contact pressure Pth 1s used to
determine a proper measurement time point 1n a measurement
mode.

In a measurement mode, the contact pressure P 1s detected
(S708).

The detected contact pressure 1s compared with the thresh-
old contact pressure Pth (S710). It the detected contact pres-
sure P 1s smaller than the threshold contact pressure Pth, a
notice 1s given for a user to icrease his contact pressure P
(S712).

If the contact pressure P detected in operation S710 1s
larger than the threshold contact pressure Pth, the voltage
drop V' across the voltage electrodes 1s measured (S714).

Then, the measured voltage drop V' 1s compensated for the
threshold contact voltage Vth corresponding to the threshold
contact pressure Pth (S716).

Then, a body fat value 1s calculated by using the compen-
sated voltage (V=V'-Vth). Since the threshold contact pres-
sure Pth can be different 1n every measurement try depending,
on the individual, it 1s preferable that the threshold contact
pressure Pth 1s obtained in an experimental and statistical
manner and then stored in a memory of the body fat measure-
ment apparatus.

FIG. 8 schematically illustrates a principle ol measuring
body fat according to the third embodiment of the present
invention, which shows vanation of the contact voltage
depending on the contact pressure.

Reterring to FIG. 8, the first and second conditional pres-
sures P1 and P2 and the threshold contact pressure Pth are
shown. The first and second conditional pressures P1 and P2
are selected from a range that the variation of the contact
voltage 1s sigmificant depending on the variation of the contact
pressure (1.e., apparently linear range).

In a measurement mode, compensation for the contact
voltage 1s accomplished by using interpolation. In this case, 1T
the contact pressure 1s smaller than the threshold contact
pressure Pth, the interpolation 1s used for the compensation.
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However, 11 the contact pressure 1s larger than the threshold
contact pressure Pth, the threshold contact voltage 1s used for
the compensation.

FIG. 9 1s a flowchart 1llustrating a method of measuring
body fat according to the third embodiment of the present
invention.

First, 1n a calibration mode, the voltage drop V' across the
voltage electrodes 1s continuously detected by smoothly rais-
ing the contact pressure (5902).

A graph such as that shown 1n FIG. 8 1s obtained by refer-
ring to variation of the detected voltage drop V' depending on
the contact pressure, and the threshold contact pressure Pth,
the conditional contact pressures P1 and P2, the difference AP
between the conditional pressures P1 and P2, the conditional
voltages V1 and V2, and the difference AV between the con-
ditional voltages V1 and V2 are determined (5S904).

The threshold contact pressure Pth, the conditional contact
pressures P1 and P2, the difference AP between the condi-
tional contact pressures P1 and P2, the conditional voltages
V1 and V2, and the difference AV between the conditional
voltages V1 and V2 are stored 1n a memory (S906).

In a measurement, the contact pressure P' and the voltage
drop V' across the voltage electrodes are detected (S908).

In operation S910, the detected contact pressure P' 1s com-
pared with the threshold contact pressure Pth.

If the detected contact pressure P' 1s smaller than the thresh-
old contact pressure Pth, the contact voltage Vcont 1s calcu-
lated by interpolation (S912).

The measured voltage V' 1s compensated for by using the
calculated contact voltage Vcont (5914).

If the contact pressure detected 1n operation S910 1s larger
than the threshold contact pressure Pth, the detected voltage
drop V' 1s compensated for the threshold contact voltage Vth
(S916).

Finally, a body fat value corresponding to the compensated
voltage drop (V=V'-V1th) 1s calculated 1in operation (5S918).

FI1G. 10 1llustrates a contact pressure detector 1000 used to
measure a contact pressure according to an embodiment of
the present invention. The contact pressure detector 1000
detects a contact pressure applied to the measurement elec-
trodes, particularly, the voltage electrodes. The contact pres-
sure detector 1000 includes a plate 1004 elastically supported
by a hinge 1002, a first sensor 1006 mounted on the plate
1004, and a second sensor 1010 mounted on a frame 1008 and
outputting a distance from the first sensor 1006. Preferably,
but not necessarily, the plate 1004 is the voltage electrode.

When a contact pressure 1s applied, the plate 1004 moves in
a downward direction against an elastic force of the hinge
1002. When the plate 1004 moves, the distance between the
first and second sensors 1006 and 1010 1s changed. Accord-
ingly, a physical quantity proportional to the distance
between the first and second sensors 1006 and 1010, 1.e., a
value corresponding to the contact pressure 1s obtained.

FIGS. 11 A through 11C illustrate exemplary constructions
of the first and second sensors 1006 and 1010 shown 1n FIG.
10. Specifically, FIG. 11 A shows a transmissive photo-inter-
rupter, FIG. 11B shows a reflective photo-mterrupter, and
FIG. 11C shows a capacitive sensor.

FI1G. 12 1s a block diagram 1illustrating a body fat measure-
ment apparatus according to an embodiment of the present
invention. The body fat measurement apparatus 1200 shown
in FIG. 12 includes a contact pressure detector 1202, an
analog/digital (A/D) converter 1204, a microprocessor 1206,
a display unit 1208, an operation umt 1210, and a memory
1212. Since the current electrodes 102a and 1025, the voltage
electrodes 106a and 10654, the constant current source 104,
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and the voltage meter 108 have been already 1llustrated and
described in connection with FIG. 2, their detailed descrip-
tions are not repeated.

The contact pressure detector 1202 1s to detect the contact
pressure, and, for example, one of those shown 1n FIGS. 10,
and 11A through 11C can be employed.

The A/D converter 1204 converts the voltage detected 1n
the voltage detector 108 1nto a digital value and then provides
it to the microprocessor 1206.

The microprocessor 1206 controls operations of the body
fat measurement apparatus 1200 to perform, for example, a
method of measuring body fat according to the present inven-
tion. In a calibration mode, the microprocessor 1206 informs
a user of the progress of procedures through the display unit
1208 or instructs required operations. Also, the microproces-
sor receives the contact pressure detected through the contact
pressure detector 1202 and the measurement values through
the A/D converter 1204, and calculates the threshold contact
pressure and parameters required for the interpolation. Then,
they are stored in the memory 1212.

In a measurement mode, the microprocessor 1206 recerves
the contact pressure detected through the contact pressure
detector 1202 and measurement values through the A/D con-
verter 1204. Also, the microprocessor 1206 processes mea-
surement values by compensating for the contact pressure
with reference to the parameters necessary for the mterpola-
tion and the threshold contact pressure stored 1n the memory

1212, or notifies a user to retain a proper contact pressure
through the display unit 1208.

The microprocessor 1206 controls both the calibration
mode and the measurement mode according to the processes
shown 1n FIG. 5 1n connection with the first embodiment, the
processes shown in FIG. 7 1n connection with the second
embodiment, or the processes shown 1n FIG. 9 1n connection
with the third embodiment.

In the body fat measurement apparatus shown in FIG. 12,
the contact pressure 1s detected through the contact pressure
detector 1202 and the contact voltage caused by the contact
pressure during an actual measurement are compensated by
using the values measured under the conditional pressures.

Therefore, 1t 1s possible to provide body fat measurement
results having little measurement errors and high repeatabil-
ty.

Also, inthe body fat measurement apparatus shown in FI1G.
12, the threshold contact pressure 1s calculated, and a user 1s
induced to retain his contact pressure above the threshold
contact pressure. Therefore, 1t 1s possible to provide a more
accurate measurement result.

According to the present invention, the contact voltage
caused by the contact pressure 1s compensated by using the
values measured under the conditional pressures. Therefore,
it 1s possible to provide body fat measurement results having
little error and high repeatability.

In addition, the threshold contact pressure 1s obtained, and
a user 1s mduced to retain his contact pressure above the
threshold contact pressure. Therefore, 1t1s possible to provide
more accurate measurement results.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereol, 1t will be understood by those skilled 1n the art that
various changes 1n form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the appended claims. The exemplary embodi-
ments should be considered 1n a descriptive sense only and
not for purposes of limitation. Therefore, the scope of the
invention 1s defined not by the detailed description of the
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invention but by the appended claims, and all differences
within the scope will be construed as being included 1n the
present invention.

What 1s claimed 1s:

1. A method of measuring body fat by using current elec-
trodes for applying a constant current in a human body and
voltage electrodes for detecting a voltage drop caused by
bioelectrical impedance of the human body, the method com-
prising:

continually detecting a voltage drop across the voltage

clectrodes by smoothly raising a contact pressure
applied to the electrodes;

determining a threshold contact pressure with reference to

the detected voltage drop depending on variation of the
contact pressure, the voltage drop across the voltage
clectrodes not increasing under the threshold contact

pressure even when the contact pressure increases;
comparing a detected contact pressure with the threshold
contact pressure;

detecting a measurement voltage across the voltage elec-

trodes only when the detected contact pressure 1s larger
than the threshold contact pressure; and

compensating the measurement voltage for a threshold

contact voltage corresponding to the threshold contact
pressure and calculating a body fat value corresponding
to the compensated measurement voltage.

2. The method according to claim 1, further comprising
inducing a user to increase his contact pressure 1 the detected
contact pressure 1s smaller than the threshold contact pres-
sure.

3. An apparatus for measuring body fat by using current
clectrodes for applying a constant current in a human body
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and voltage electrodes for detecting a voltage drop caused by
bioelectrical impedance of the human body, the apparatus
comprising;

a contact pressure detector detecting a contact voltage

applied to the voltage electrodes;

a voltage meter measuring a voltage drop across the voltage

electrodes; and

a microprocessor continually detecting a voltage drop

across the voltage electrodes by smoothly raising the
contact pressure applied to the voltage electrodes
through the contact pressure detector and the voltage
mefter,
determining a threshold contact pressure with reference to the
detected voltage drop depending on variation of the contact
pressure, the voltage drop across the voltage electrodes not
increasing under the threshold contact pressure even when the
contact pressure 1creases;

comparing a detected contact pressure with the threshold

contact pressure;

detecting a measurement voltage across the voltage elec-

trodes only when the detected contact pressure 1s larger
than the threshold contact pressure;

compensating the measurement voltage for a threshold

contact voltage corresponding to the threshold contact
pressure; and

calculating a body fat value corresponding to the compen-

sated measurement voltage.

4. The apparatus according to claim 3, wherein the micro-
processor mduces a user to raise his contact pressure if the
detected contact pressure 1s smaller than the threshold contact
pressure.
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